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Sunday, February 8, 2015 69areplication and facilitating stalled replication fork rescue. It is becomingly
increasingly clear that SSB plays a critical role in the function of RecG, but
the mechanisms of its interaction with SSB remain unclear. Here we use the
atomic force microscope (AFM) to image the structure of RecG with a model
fork substrate in the presence or absence of the single strand DNA binding pro-
tein (SSB). The DNA substrate has a 30-end 69nt single stranded DNA (ssDNA)
segment inserted between the two DNA duplexes. This design mimics a stalled
fork with an ssDNA gap in the leading strand. The SSB proteins bind very spe-
cifically to the ssDNA segment with a yield of ~90%. RecG protein also binds to
the fork but the yield was ~10%. However, the RecG loading on the same sub-
strate increases three-fold in the presence of SSB suggesting that SSB facilitates
RecG loading onto the fork. Moreover, in the presence of SSB, RecG becomes
capable of translocating along the DNA duplex in an ATP hydrolysis-
independent manner. No such mobility of RecG was observed in the absence
of SSB. The preferable translocation direction is moving of RecG along parental
arm which implies RecG could clear obstacles bound ahead of the fork. This
novel activity of SSB requires the SSB C-terminus as a truncated SSB mutant
does not substitute for wild type. SSB loading of RecG and subsequent translo-
cation are unaffected by ATP, ADP or the non-hydrolyzable analog ATP-g-S.
Overall the results obtained reveal novel properties of RecG and highlight a
new chaperone-type role of SSB in the DNA repair process.
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MutS, a mismatch repair initiation protein, forms a transient clamp to search for
mismatched nucleotides by rotational-coupled translational diffusion while in
continuous but nonspecific contact with the helical duplexDNA.WhenMutS en-
counters amismatch,ATP binding byMutS results in an extremely stable sliding
clamp that slides off the mismatch and moves along the adjacent duplex DNA
driven simply by 1D thermal diffusion. The DNA mismatch repair is a timing
process to be operated after DNA is newly synthesized. The b-clamp protein, a
subunit of the DNA polymerase III holoenzyme, encircles duplex DNA and sta-
bly diffuses on theDNAafter a lagging strand is synthesized. The long dwell time
of the sliding b-clamp on DNA results in its accumulation on the lagging strand,
which may obstruct the way of the translocation of MutS to find a mismatch and
to transmit its finding to a downstream site. We will present how the sliding
b-clamp interacts with MutS on mismatched DNA. The single-molecule studies
using FRET and a single particle tracking suggest that the b-clamp increases the
searching time of MutS required to locate a mismatch site through the physical
interactionwithMutS and is separated fromMutS bound toATPat themismatch.
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8-oxoguanine (8oxoG) is an abundant product of oxidative damage in DNA and
if not repaired can result in mutations upon DNA replication. It is removed by
repair glycosylases (e.g. MutM-glycosylase in bacteria) after flipping out the
damaged base towards an extra-helical conformation into the repair enzyme
active site. The exact mechanism how the repair enzyme identifies a damaged
site within a large surplus of undamaged DNA is not fully understood. Binding
of a repair enzyme results also in significant DNA deformation such as bending
and minor groove opening. Looping out nucleotides from an intra-helical base
paired conformation is energetically costly and it is not clear how the presence
of a repair enzyme or the deformation of DNAmay facilitate the looping out pro-
cess. In this study we use Molecular Dynamics free energy simulations to eval-
uate the effects of DNA deformation and enzyme binding on the DNA base
flipping process. The simulations indicate distinct free energy profiles for flip-
ping 8oxoG or guanine and resulted in an overall calculated free energy for
the flipping process in accordance with experimental imino proton exchange
from Nuclear Magnetic Resonance spectroscopy. Distortion of the DNA to-
wards a conformation as observed in complex with the repair enzyme lowered
the free energy barrier and penalty for the flipping process. The result indicates
that the DNA deformation induced by the repair enzyme binding has a signifi-
cant influence on the flipping process. The additional effect of protein-DNAcon-
tacts on the calculated free energy for the flipping process will also be presented.349-Pos Board B129
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DNA damage occurs as many as 1 million individual molecular lesions per
cell per day in human. One of the most frequently occurring DNA lesions
is base damage, which are quickly processed into AP (apurinic/apyrimidinic)
sites, resulting in ‘‘missing base’’ in DNA, so-called AP site. AP endonu-
clease catalyzes them for the Base Excision Repair (BER) process. Exonu-
clease III (exoIII) in E.coli functions as not only an AP endonuclease but
also a 30->50 exonuclease exonuclease. We used single molecule FRET to
examine how the multifunctional enzyme plays the dual role during the
NER process. When the substrate is a blunt-ended DNA, the enzyme works
as a distributive exonuclease, performing multiple rounds of binding and
dissociation events during the cleavage reaction. However, in the presence
of an AP site, exoIII cuts the AP site as an AP endonuclease, and then trans-
forms into a processive exonuclease, performing a continuous digestion by
strongly anchoring to the AP site. The strong binding affinity onto the AP
site is the origin of the transformation mechanism, allowing the enzyme to
digest a series of nucleotides without dissociation from the substrate. The
close examination of the enzyme behavior reveals an elasticity-based mecha-
nism where exoIII creates a gap by forming a single stranded intermediate
loop during BER process. The size of the gap robustly relies on the physio-
logical salt concentration due to the extent of the repulsive property in the
negative charged singe stranded loop.
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DNA replication is a fundamental process in life. Decades of study have eluci-
dated the most important mechanistic principles underlying the duplication of
DNA, but most often these processes are studied and represented as if they
occur on naked DNA. We set out to employ single-molecule techniques to
study the effect of intracellular crowding on the process of replication. We
develop methods that allow us to mechanically stretch DNA molecules and
use fluorescence microscopy to visualize replication at the single-molecule
level. In particular, we reconstitute in vitro the E. coli replication reaction
and observe how common DNA-binding proteins such as the histone-like pro-
teins H-NS and HU affect the replication kinetics.
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Homologous recombination in the bacteria cell is regulated at many levels. The
central enzyme of homologous recombination RecA and its regulation has been
a subject of intense studies by single molecule techniques during the last
decade. The RecX protein of Escherichia coli is known to be a negative regu-
lator of RecA. Here we combined optical trapping and microfluidics in order to
address the dynamics of RecA-dsDNA filament in the presence of RecX at the
single molecule level. Our preliminary results show that RecX blocks elonga-
tion of RecA filament and facilitates RecA disassembly from dsDNA in the
concentration-dependent manner.
The work was carried out with financial support from the Russian Science
Foundation (grant No. 14-34-00023) and Russian Foundation for Basic
Research (grant No. 13-04-40343-O).
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Mistakes made during DNA replication are targeted for post-replicative repair
by the DNA mismatch repair system. Purified reconstitutions of DNA
mismatch repair require multiple protein interactions, and in vivo studies of
DNA mismatch repair function have identified layers of spatial and temporal
regulation. We have previously developed single molecule FRET experiments
70a Sunday, February 8, 2015for studies of purified in vitro studies of DNA mismatch interactions from
Thermus Aquaticus MutS and MutL. In this poster we present our recent prog-
ress developing single molecule FRET assays for more complex studies of
DNA repair. In particular, we highlight our work using unnatural amino acid
engineering and other methods for site-specific labeling of yeast repair proteins,
detailed analysis of kinetics to reveal nucleotide regulation of protein confor-
mations, and steps toward studies in live cells.
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Alterations in energy metabolism are hallmarks of heart failure (HF) following
myocardial infarction (MI). The failing heart is commonly described as an
energy-starved engine that has run out of fuel, and myocardial energetics is
therefore a topic of considerable interest. Markers of oxidative stress are
elevated in HF and have been correlated with myocardial dysfunction.
Increased oxidative stress can induce DNA damage, and the main repair mech-
anism of oxidative DNA damage is Base excision repair (BER) and Single
strand break repair (SSBR). Defects in SSBR in post-mitotic cells have been
associated with human diseases. Exercise training is an effective treatment
for HF. Therefore we aimed to investigate the effect of exercise training on
the nuclear genomic integrity in HF rats.
MI was induced in 30 female Sprague Dawley rats by surgical ligation of the
descending coronary artery. HF was present 4 weeks after ligation. HF rats
were then randomized to remain sedentary (n¼10) or exposed to either moder-
ate (n¼10) or high intensity (n¼10) aerobic interval training. Sham sedentary
rats (n¼10) acted as controls. After 6 weeks of exercise training, H2O2 induced
genomic DNA fragmentation was studied in isolated left ventricular cardio-
myocytes through an alkaline single cell gel electrophoresis assay. Cardiomyo-
cytes from HF sedentary rats had an increase in H2O2 induced genomic
fragmentation by 29% relative to sham, exercise training reduced the genomic
fragmentation towards sham levels. 31P NMR experiments revealed reduced
PCr concentration in HF and exercise training did not change the PCr levels.
However, both moderate- and high intensity training resulted in an increase
in cardiac ATP concentration in HF rats. Exercise training seems to induce a
cardioprotective effect to increased oxidative stress in HF rats and possibly
affects BER/SSBR pathways.
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The DNA mismatch repair (MMR) system guards the integrity of genetic
material by scanning and correcting errors in a post-replicative manner. In
eukaryotic cells, the initiation of MMR is achieved by recognition by MutS
homologs (Msh). The Msh2-Msh6 heterodimer plays this important initial
role in recognizing single base mismatches and small insertion/deletion loops
(IDL) in MMR. Although Msh2-Msh6 recognizes mismatched DNA with
high affinity, the exact mechanism by which Msh2-Msh6 distinguishes
different types of mismatched base pairs from a large excess of canonical
Watson-Crick base pairs is still unknown. In this study, we use the intrinsic
fluorescent probe 6-methylisoxanthopterin (6-MI, guanosine analog) in the
context of the ATFAA (F ¼ 6-MI) pentamer sequence where it exhibits
enhanced fluorescence, to measure the binding affinity of S. cerevisiae
Msh2-Msh6 to different single base pair mismatches. Fluorescence anisotropy
measurements reveal the following order for Msh2-Msh6 mismatch bp binding
affinity: A:Az A:G> A:Cz G:TzþT > T:Tz G:G> T:Cz G:C. Fluo-
rescence intensity measurements suggest a greater degree of DNA distortion
accompanies binding to well-recognized mismatches. We employ Fo¨rster reso-
nance energy transfer to measure the bending angle and compare with that
observed in MutS/Msh2-Msh6 co-crystal structures. We have also investigated
DNA dynamics upon Msh2-Msh6 binding using time-resolved fluorescence
spectroscopy. Specific placement of the probe at the mismatch site or adjacent
to it reveals significant local motion prior to protein binding. We observe that
high affinity binding is associated with those mismatches that exhibit the great-
est amount of motion. Protein binding stabilizes mismatch local motion, which
is consistent with Phe intercalation at the site, as observed in Msh2-Msh6-DNA
co-crystal structures.355-Pos Board B135
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DNA polymerase (DNAp) carries out DNA replication. To ensure high fidelity
in replication it is selective in incorporating correct nucleotides and in correct-
ing mismatches. Using single molecule tools we have investigated the kinetic
states of DNAp molecules and have proposed a kinetic model describing the
interplay between replication and proofreading of DNA polymerase [Tjalle
P. Hoekstra, 2014]. Based on new data we have refined the previous kinetics
models of T7 DNAp and have found evidence for the existence of previously
unidentified pausing states.
The model predicts that the short pauses are related to DNAp concentration and
that exonucleolysis activity of DNAp is force independent. To test the validity
of our model, we investigated the impact of low DNAp concentration (less than
10 nM) and low force (less than 6 pN).
Our new results indicate as predicted that the duration of short pauses increases
when DNAp concentration is reduced. Interestingly we also find the existence
of a previously unobserved very long paused state. The nature of this pause
state still needs to be determined. We characterized the behavior of DNAp at
low force in a parallelized manner using a newly developed Acoustic Force
Spectroscopy (AFS) method. These experiments reveal that exonucleolysis
events indeed occur at low force as predicted by our model. The confirmation
of both predictions validates our model and sheds further insight into the
detailed kinetics of DNAp.
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MutS homologs (Msh) are conserved in all organisms and they are involved
in the process of mismatch recognition and repair. In Saccharomyces
cerevisiae there are five MutS Homologs (Msh2 through Msh6) that
participate in repair and recombination processes. The heterodimeric pro-
tein complexes, Msh2-Msh3 and Msh2-Msh6, play a role in mismatch
repair. MutS homolog Msh4 and Msh5 are not involved in mismatch
recognition and repair and genetic studies in S. cerevisiae and mouse indi-
cate that Msh4-Msh5 are responsible for gamete viability during meiosis,
recombination and chromosomal segregation. Recent studies have shown
that human Msh4-Msh5 recognizes and stabilizes Holliday or four-way
DNA Junctions (4WJ), an intermediate in double stranded break repair.
Our efforts are focused on elucidating structure-function relationships of
S. cerevisiae MutS homolog Msh4-Msh5 by specifically studying the
binding interaction of Msh4-Msh5 with DNA 4WJs. We have successfully
expressed and purified S. cerevisiae Msh4-Msh5 in E. coli cells as both
a heterodimeric protein complex as well as Msh4 and Msh5 monomers.
Our initial data demonstrates that the purified proteins are active and
binds with high affinity to DNA 4WJ. The binding affinity is in the nano-
molar range and similar to that previously reported for human Msh4-
Msh5. To study the effect of Msh4-Msh5 on junction conformation, we
are using Fo¨rster resonance energy transfer. These measurements also
probe whether Msh4-Msh5 preferentially binds to the open or stacked
form of the junction. These measurements will also address whether stabi-
lization of the stacked conformation is functionally related to suppression
of recombination.Protein-Nucleic Acid Interactions I
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The reverse transcriptase (RT) of HIV has been a focus of research owing to its
central role during the infection of a host cell. Although, currently there are
thirteen antiretroviral drugs targeting RT in clinical therapy of HIV AIDS,
HIV has developed resistance to these drugs. Understanding the mechanism
of inhibition of RT’s function and its interaction with nucleic acids will aid
in discovering improved viral therapies. Previously, we developed an smFRET
assay to study RT-nucleic acid interactions and showed that RT dynamically
